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Abstract  
Industrialised Building System (IBS) is a system where buildings are reduced to a number 
of common parts, where most of it can be prefabricated in long term production runs, 
frequently away from the construction site. Currently, Malaysian government has strongly 
supported the usage of IBS in construction industry due to its quality assurance, shorter 
construction period, cleaner site condition, safer working environment and reduction in 
labour dependency. However, the impact of IBS implementation construction worker’s 
safety and health during construction process, whether positive or negative, is still unclear. 
In this study, the advantage of IBS is focused on the effect of IBS construction on worker 
safety and health, or basically to compare the safety and health performance data of IBS 
with conventional construction projects. A total of fourty (40) questionnaires were distributed 
to building construction firms in Malaysia, but only 15 responses which consisted 37 projects 
of both conventional and IBS were received. Results from the questionnaire analysis 
revealed that IBS construction method can potentially improve the worker safety and health 
by reducing the number of accidents at site. This is shown from the mean Recordable Injury 
Rate (RIR) and Recordable Near-Misses Rate (RNR) data recorded for IBS construction 
method, which were lesser than conventional method. 
Keywords—Industrialised Building System (IBS), occupational safety and health, 
construction 
1. INTRODUCTION  
The use of IBS method (or commonly termed ‘offsite’ in other countries), has 
become popular in the construction industry. This is because, IBS shows 
convenience working condition than conventional system. Malaysian government is 
really passionate about IBS by actively promoting its adoption and encouraging a 
paradigm shift in the construction process from traditional to industrialization 
perspective. This is shown from promulgation of Construction Industry 
Transformation Programme (CITP) 2016-2020, which specifically mentioned about 
IBS under Strategic Thrust number 3 - ‘Productivity’ [1].    
Issues in Built Environment │2018 
ISBN 978-967-2216-60-5 
56 
 
Some advantages of IBS include promote sustainability from controlled 
environment, minimization of waste generation, provide safer working environment, 
etc. [2, 3]. In the aspect of safety and health, the impact of IBS implementation on 
construction worker safety and health is still doubtful, as the study towards this 
matter is loosely studied. Even though there are several studies indicating IBS can 
significantly reduce safety and health risks in traditional construction [4, 5], the direct 
impact of IBS upon safety and health of the workers is still doubtful. Questions exist 
whether the implementation of IBS in a construction process has positive or 
negative impact on workers safety and health. For instance, in terms of the 
difference in injury rates between IBS and conventional construction projects. 
Therefore, this study seeks to investigate the impact of IBS construction on worker’s 
safety and health in order to provide evidence whether this method has positive or 
negative impact over conventional method.  
3. MATERIALS AND METHODS 
3.1 Questionnaire Procedure 
This study employs questionnaire survey in order to get the project safety data on 
both IBS and conventional projects. This study adapted Rajendran et al.’s [6] 
approach of forming the questionnaire survey. The questionnaire consisted of 3 
parts, which are Part A, Part B and Part C. Part A was about requesting the 
respondent’s details. Part B were divided into two sections: Section 1 was about 
obtaining the demographics; and Section 2 was related to identifying the safety 
performance data. In Part C, respondents were asked to give personal opinion on 
the impact of IBS method on worker’s safety and health. In this study, questions 
that formed the questionnaire include project demographic data (project type, total 
cost of project, total percentage complete, location etc); and project safety data  
(total number of worker hours worked on the project, total number of OSH 
recordable injuries, total number of near-misses, etc). 
The questionnaires were distributed among 40 building construction firms 
surrounding Malaysia which include Johor, Melaka, Terengganu, Kuala Lumpur and 
Selangor. More than one firm were included in the study to help eliminate possible 
bias with one single might have with respect to safety in its project. The group of 
firms consisted of medium- and large-sized companies which construct buildings. 
The respondent at each firm were asked to compile the survey information for as 
many projects as possible, limited to building projects constructed in the past five 
years. Of the total 40 questionnaire forms sent out, only 15 responses which 
consisted 37 projects both conventional and IBS were received. Several follow-up 
emails and tele-conversations to the respondents were unsuccessful in increasing 
the response rate. 
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3.2 Data Analysis 
Data collected from questionnaire for each project were analysed for Recordable 
Injury Rate (RIR) and Recordable Near-Miss Rate (RNR). The RIR and RNR were 
calculated as the number of recordable incidents per 100 workers per year (200,000 
worker-hour) (Rajendran, 2009). 
RIR was calculated using the complete data such as total working hours and 
number of accident case, through this formula: 
RIR= 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡/(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘 ℎ𝑜𝑢𝑟𝑠/200,000) 
Meanwhile, RNR was calculated using the following formula: 
RNR = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑒𝑎𝑟 − 𝑚𝑖𝑠𝑠 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡/(𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑘 ℎ𝑜𝑢𝑟𝑠/200,000) 
4. RESULTS AND ANALYSIS 
This section presents the results of questionnaire survey analysis conducted in this 
study.  
4.1 Respondents’ Background 
The respondents’ profiles with regards to their position and years of working 
experience are shown in Fig. 1 (a) and (b), respectively. 
 
  
(a) (b) 
Fig. 1. (a) Respondents’ position; (b) Respondents’ working experience (years) 
From the total 15 responses received, 3 responses (21%) received from Project 
Manager, 8 responses (53%) received from Engineer, 2 responses (13%) received 
from Site Supervisor and 2 responses (13%) received from others such as Site 
Safety Supervisor. This shows that all the returned questionnaires form were 
answered by a group of professional personnel that involved directly in the 
construction projects. With regards to respondents’ working experience, majority of 
respondents have had more than 20 years working experience, followed by 6 to 10 
years working experience and less than 5 years working experience. 
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Project manager
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20%
20%
13%
13%
34%
1-5 years
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4.2 Project Demographic Data 
The survey response rate of 38% is reasonable considering the sensitivity of the 
data being collected. The study sample included projects built in southern region 
which include Johor and Melaka (17 projects), eastern region (8 projects) and 
central region (12 projects) in Malaysia. The breakdown of the construction firms 
based on the number of projects contributed to the study sample and the 
corresponding number of conventional and IBS projects is presented in Table 1. 
Table 1. Distribution of projects based on responding firms (n = 37) 
Firm ID Number of project 
samples 
Number of 
conventional projects 
Number of IBS 
projects 
A 3 - 3 
B 3 1 2 
C 3 1 2 
D 2 - 2 
E 3 2 1 
F 3 3 0 
G 1 - 1 
H 3 - 3 
I 3 - 3 
J 3 1 2 
K 2 - 2 
L 2 - 2 
M 2 - 2 
N 2 - 2 
O 2 - 2 
Total 37 8 29 
The details of project samples are shown in Fig. 2. The responding firms’ annual 
volume of work ranges from RM 3.5 million to RM 690 million.  There were 17 
projects (47%) below RM 100 million, 9 projects (24%) from RM 100 to RM 300 
million, 5 projects (14%) from RM 300 to RM 500 million and 4 projects (12%) 
RM500 and above. It is to be noted that there were two (3%) data missing for this 
question (the respondents left it blank in the questionnaire form). With regards to 
facility types, annual value of work (in million) majority of the project samples were 
related to housing projects, followed by apartment, commercial building, industrial 
building and hotel projects which equal to 14 projects (38%), 6 projects (16%), 5 
projects (14%), 5 projects (14%) and 3 projects (8%) respectively. For other types 
of facility (10%), these include school, hospital, multipurpose hall and mosque. In 
terms of project completion status, most of the projects had been completed (62%), 
whereas 38% still in progress. 
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(a)         (b)  
 
(c)  
Fig. 2 (a)(b)(c). Details of project samples 
4.3 Project safety and health performance data 
For the purposes of the study, safety and health performance was measured using 
the occupational safety and health (OSH) recordable incidents that resulted in 
accidents/injuries of the projects. OSH recordable incidents are defined as those 
incidents that resulted from an exposure or event in the workplace and that required 
some type of medical treatment or first-aid. However, the information requested 
was, in some cases, difficult to obtain. This is because, collecting the information 
commonly required the efforts of more than one department within a firm such as 
the safety, finance, and project management divisions. In some cases, firms either 
did not maintain historic records of their work. 
All of the 37 sample projects provided the requested injury information, but not all 
sample projects provided the work hour information. The worst case was that, only 
several project samples provided complete information. This has resulted in 
difficulty in comparing safety and health performance data between conventional 
and IBS projects. As such, this section will explain the analysis of the project safety 
and health performance based on the information provided, in general. Next, the 
analysis of RIR and RNR were determined for both conventional and IBS projects, 
before comparison between these methods are made.  
47%
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14% 12%
3%
<100 100-300 300-500 >500 Unknown
Annual volume of work (RM, in 
million)
38%
16%
14%
14%
8%
10%
Types of project
Housing
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Commercial
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19% 19%
100% completed >50% completed <50% completed
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4.3.1 OSH recordable accidents data 
A comparative summary of the sample projects data on experience of accidents is 
shown in Table 2 below. With regards to the recordable accidents at the workplaces, 
only 43% have had accidents occurred at least once throughout the construction 
lifetime at workplaces, out of 37 project samples. This number was meant for all 
project samples, covering both conventional and IBS projects. For conventional 
only, 4 accidents (50%) was recorded out of 8 projects. For IBS projects, 12 projects 
(41% out of 29 projects) were recorded with accidents case within the category of 
Precast Concrete, Formwork System and Precast Steel Framing system with 7 
accidents (35%), 4 accidents (67%) and 1 accidents (33%), respectively; while 17 
projects (66% out of 29 projects) had no accident.  
Table 2. Construction Projects Experience of accident 
Construction method Total project 
samples 
Number of project samples that  
accidents occurred at least once at 
workplace 
Conventional  8 4 
IBS (total)  29 12 
1) Precast concrete 20 7 
2) Formwork system 6 4 
3) Precast steel framing system 3 1 
The proportion of the occurrence of accidents for both conventional and IBS 
methods is shown in Fig. 3. A deeper analysis on conventional projects samples 
revealed that, out of 4 project samples which had experienced accident (at least 
once) at the workplace, 3 samples recorded total accidents between 1 to 5 number 
of accident cases, whereas 1 sample recorded between 6 to 10 accidents 
throughout the construction period. Meanwhile, for IBS project samples, out of 12 
project samples which had experienced at least accident at workplace, 3 samples 
recorded the number of accident of less than 5 accidents. In the meantime, 5 
samples was recorded to have experienced between 6 to 10 number of accidents, 
and 4 samples had recorded more than 10 accidents.  
Even though the frequency of accidents (in terms of occurrence range) for 
conventional projects were lesser than IBS projects – for example, there were none 
conventional projects which recorded accident cases more than 10, compared to 
33% (4 out of 12 projects) of IBS projects recorded  more than 10 accidents, 
however this evaluation method for comparison is not reliable because some 
projects may have longer construction period and large project size which in turn 
resulted in larger worker’s work-hours.  
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Fig. 3: Proportion of accidents occurred  
4.3.1.1 Recordable injury rate (RIR) comparison 
In order to precisely compare the safety and health performance data between 
different projects, the number of accident is calculated in terms of incident rate per 
100 workers per year (200,000 worker-hours) (Rajendran et. al., 2009). For this 
study, safety and health performance was measured using the OSH recordable 
injury rate (RIR). At first, this study also intended to measure the safety and health 
performance in terms of lost time case incident rate (LTCR) of the projects. 
However, since none of the returned questionnaires had the data on LTCR, this 
measurement is excluded from analysis. The RIR is calculated as the number of 
recordable incidents per 100 workers per year (200,000 worker-hours) (Rajendran, 
2009). 
Of the 37 projects, only 4 projects (11%) provided information on total project 
employee incidents and work hours. The remaining 33 projects (89%) provided 
inadequate information such as providing incorrect working hours calculation. There 
were also projects which didn’t have the recordable incident (zero incident 
occurred), therefore, finding the RIR for such projects is not attainable. The 
Issues in Built Environment │2018 
ISBN 978-967-2216-60-5 
62 
 
summary of the provided data and RIR measurement for affected projects is shown 
in Table 3. 
Table 3. Summary of safety and health performance data (accident cases) 
Project sample 
number 
Construction 
method 
Total number of worker 
hours worked on the 
project 
Total 
number of 
accidents 
RIR 
Project 2 
IBS precast 
concrete 
120000 5 
8.33 
Project 3 
IBS precast 
concrete 
450000 25 
11.11 
Project 16 Conventional 60000 10 33.33 
Project 17 Conventional 35000 3 17.14 
The data in the table above provides the project safety data of 2 conventional 
projects and 2 IBS projects. The RIR for IBS project ranged from 0 to 12 (mean = 
9.72), whereas the RIR for conventional projects ranged from 0 to 34 (mean = 
25.24). Therefore, it can be concluded that the projects that uses IBS method is 
safer than conventional method, as shown by the lesser RIR for IBS project than 
the conventional projects. Apart from evaluating the RIR based on the number of 
accidents, this study also calculated the recordable near-misses rate (RNR) (see 
section 4.3.2) in order to evaluate the safety and health performance of both 
conventional and IBS construction projects. The result from the calculation is 
important to support the result of RIR, whether both results show similar trend or 
not.  
4.3.2 OSH recordable near-misses data 
A comparative summary of the sample projects data on experience of accidents is 
shown in Table 4 below. With regards to the recordable near-misses at the 
workplaces, about 59% have had near-misses occurred at least once throughout 
the construction lifetime at workplaces, out of 37 project samples. For conventional 
method, 4 near-miss incidents (50%) was recorded out of 8 projects. For IBS 
projects, 18 projects (62% out of 29 projects) were recorded with near-misses. 
Table 4. Experiences of near-misses 
Construction method Total 
project 
samples 
Number of project samples that  
near-misses occurred at least once 
at workplace 
Conventional  8 4 
IBS (total)  29 18 
1) Precast concrete 20 11 
2) Formwork system 6 5 
3) Precast steel framing system 3 2 
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Analysis on conventional projects samples show that, out of 4 project samples 
which had experienced near-misses (at least once) at the workplace, 2 samples 
recorded total near-misses between 1 to 5 number of near-misses cases, whereas 
2 sample recorded between 6 to 10 accidents throughout the construction period. 
Meanwhile, for IBS project samples, out of 18 project samples which had 
experienced at least near-misses at workplace, 6 samples recorded the number of 
accident of less than 5 accidents. In the meantime, 7 samples were recorded to had 
experienced between 6 to 10 number of accidents, and 5 samples had recorded 
more than 10 accidents. The percentage proportion of the occurrence of near-
misses for both conventional and IBS methods is shown in Fig. 4.6 below. 
 
Fig. 4. Proportion of near-misses occurred  
4.3.2.1Recordable near-misses rate (RNR) comparison 
Out of the 37 projects, only 8 projects (22%) provided information on total project 
employee near-misses and work hours. The remaining 29 projects (78%) provided 
inadequate information such as providing incorrect working hours calculation. There 
were also projects which didn’t have the recordable near-misses therefore, finding 
the RNR for such projects is not attainable. The summary of the provided data and 
RNR measurement for affected projects is shown in Table 5. 
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Table 5. Summary of safety and health performance data for near-miss incidents 
Project 
sample 
number 
Construction 
method 
Total number of 
worker hours 
worked on the 
project 
Total number 
of near-
misses 
Recordable 
Near-Misses 
Rate 
Project 2 
IBS precast 
concrete 
120000 10 
16.67 
Project 3 
IBS precast 
concrete 
450000 13 
5.78 
Project 15 Conventional 450000 18 8 
Project 16 Conventional 60000 7 23.33 
Project 17 Conventional 35000 2 11.43 
Project 22 IBS precast 
concrete 
120 000 10 16.67 
Project 23 IBS precast 
concrete 
120 000 10 16.67 
Project 24 IBS precast 
steel framing 
system 
90 000 5 11.11 
The data in the table above provides the project safety data of 3 conventional 
projects (highlighted in grey) and 5 IBS projects. The recordable near-misses rate 
(RNR) for IBS project ranged from 0 to 17 (mean = 13.56), whereas the RNR for 
conventional projects ranged from 0 to 24 (mean = 14.25). This shows that the 
finding from RNR supports the finding of RIR. Therefore, it can be concluded that 
the projects that uses IBS method is safer than conventional method, as shown by 
the lesser RIR and RNR for IBS projects than the conventional projects.  
4.4 Respondent’s Opinions on the Impact of IBS on Worker’s Safety and 
Health  
From the returned questionnaire, majority of the respondents give positive 
responses on the significance of IBS method in improving workers’ safety and 
health.  For example, one of the respondents mentioned IBS offers “less wet work 
on site which could reduce possibility of injury to worker (controllable) and minimize 
exposure to direct sunlight”. There were also respondents who perceived the 
positive impact of IBS on workers’ safety and health due to less time spent at 
construction site. This is supported by other respondent, quoted: “IBS construction 
method should be safer than conventional method since most of the building 
components are manufactured in the factory”. He also added “As long as the correct 
safe work method statement has been followed during installation, any accidents or 
near-misses can be avoided.” 
Therefore, it can be concluded that the respondents agreed that IBS construction 
method could significantly improves workers’ safety and health at construction site, 
by reducing the number of accidents or injury which are plagued with the 
conventional construction.  
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5.0 CONCLUSION 
From the data analysis of comparing the recordable injury rate (RIR) per 100 
workers, the mean RIR calculated for conventional projects was 25.24 whereas IBS 
was 9.72. Meanwhile, for recordable near-misses rate (RNR) per 100 workers, the 
mean RNR for conventional projects was 13.25, whereas IBS was 14.25. Analysis 
for both calculation revealed that the incident rate for both accident and near-misses 
for IBS projects were lower, compared to conventional projects. Therefore, it can 
be concluded that the IBS construction method can potentially reduce the number 
of accident and near-misses during construction stage. 
This study is limited in most of the returned questionnaire did not provide sufficient 
data, especially the workers’ total working hours and accident and near-misses 
records, for calculation of  RIR and RNR. Future study is sought to obtain adequate 
safety performance data (e.g. number of lost time injury, number of accident etc.) 
and the total workers’ work-hours of as many as possible construction projects, so 
that the calculation of RIR, Lost Time Injury Rate (LTIR) and other related 
performance are robust. It is also recommended to expand the scope of the study 
to cover several more IBS categories (i.e. precast concrete frame system or wall 
panel, formwork system, blockwork system, prefabricated precast steel framing 
etc.) Next, comparison among these different categories on the effect to improve 
safety and health performance can be made. This will fill the gap of existing studies 
which only focus on comparing the IBS method with conventional method. Future 
study is also sought to study the influence of project data variables, for example 
project size, project cost, project facility type or project height on project safety 
performance.  
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